Purpose. To develop a pelvic discomfort index (PDI) to evaluate outcome following fixation for pelvic ring injury. Methods. 29 female and 44 male consecutive patients (mean age, 36 years) underwent internal fixation for pelvic ring injury of type B1 (n=10), B2 (n=22), B3 (n=15), C1 (n=18), C2 (n=5), and C3 (n=3), based on the AO/OTA classification. At postoperative 6, 12, and 24 months, patients were asked to assess their discomfort in the pelvis using a 14-item questionnaire.
introduction
A systematic review of 6 patient-assessed questionnaires to evaluate pelvic ring injury treatment outcome concluded that the validity, reliability, and responsiveness of the 6 questionnaires are not wellestablished. 1 For example, the Majeed score assesses 5 clinical parameters, but it is not validated. 1 It is based on only 22 patients, 2 and has been used in 10 studies only. The Iowa pelvic score evaluates 25 items and has been used in 5 studies only. 1, 3 The Hannover score and the Orlando score assess both clinical and radiographic findings but have been used to a lesser extent. 1 This study aimed to develop a pelvic discomfort index (PDI) to evaluate outcome following fixation for pelvic ring injury.
MATERIALS AND METHODS
Informed consent was obtained from each patient. Between September 2004 and June 2008, 29 female and 44 male consecutive patients (mean±standard deviation age, 36±17 years) underwent internal fixation for pelvic ring injury of type B1 (n=10), B2 (n=22), B3 (n=15), C1 (n=18), C2 (n=5), and C3 (n=3), based on the AO/OTA classification.
At postoperative 6, 12, and 24 months, patients were asked to assess their discomfort in the pelvis using a 14-item questionnaire, which was developed using the same methodology for an instrument for acetabular fractures. 4 Three questions were openended, and responses were categorised by a single assessor. The remaining 11 questions were closedended and had 6 ordinal options from 'no discomfort' (score=0) to 'extremely severe discomfort' (score=5). The content validity and relevance 5,6 of the 11 questions was determined using factor analysis. Factorability of the correlation matrix was measured via the Bartlett test of sphericity and the Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy. Factor loadings of >0.50 were considered acceptable for factor representation. Reliability in terms of internal consistency was expressed as Cronbach alpha coefficients. Non-parametric methods were used when assumptions for parametric methods were not met. A non-parametric rank-based method was used to evaluate paired assessments changing over time. 7 The 14-item questionnaire was compared with the 36-item Short Form Health Survey (SF-36), which is the gold standard for evaluating health-related quality of life (HRQOL), with scores ranging from 0 (worst) to 100 (best). 8
results
Respectively at postoperative 6, 12, and 24 months, 78%, 71%, and 71% of the patients completed the 14-item questionnaire ( Table 1) . At 6 months, the correlation between the 11 closed-ended questions was significant (r=0.24-0.90), and the number of questions was therefore reduced. Two items assessing discomfort from voiding the bladder and bowels were taken out of the questionnaire owing to the low frequency of reported discomfort. Factor analysis (scree test) of the remaining 9 items revealed that 4 factors could explain 85% of the total variance. The Bartlett test of sphericity was significant (X(2)=260, df=36, p<0.0001), and the KMO was 0.870, which indicated that data were appropriate for factor analysis. Based on the factor analysis and responses to the open-ended questions, the number of questions 21  3 13 11  6  3  20  6  9 11  5  1  26  5  9  6  3  3  Sexual life  24  6  5  7  3  9  19 11  1  5  4  7  26  6  1  4  5  5  Operation scar  26 12  5  9  2  3  27 10  2  6  5  2  26  9  5  4  7  0  Sleep  25  7  6  8  6  5  22  7  8  7  4  3  26  5  9  4  2  6  Voiding urine  34  7  4  8  2  2  35  1  6  3  3  3  38  4  2  2  4  2  Voiding bowels  37  3  5  7  3  1  40  3  3  3  0  1  42  3  2  2 1 0
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was further reduced to 6 including pain, walking, mobility of the hips, loss of sensation in the legs, sexual life, and operation scar. These 6 aspects were the same as those for assessing treatment outcome for acetabular fractures. 4 Factor analysis (scree test) of the 6-item questionnaire at 24 months revealed that 4 factors could explain 96% of the total variance. The Bartlett test of sphericity was significant (X(2)=227, df=15, p<0.0001), and the KMO was 0.806, which indicated that data were appropriate for factor analysis. The first factor involved the first 3 items (pain, walking, and hip motion) and addressed 'pelvis', whereas 3 factors involved the remaining items and each addressed peripheral neurology, sexual life, and operation scar ( Table 2 ). Internal reliability (Cronbach alpha coefficient) was estimated to be α=0.89 for the 6 items and α=0.91 for the first factor 'pelvis'.
A PDI was developed using these 6 items, based on the same methodology used in the Oswestry disability index, 9 which is the most common instrument for assessing low back pain. The PDI ranges from 0% (no discomfort) to 100% (extremely severe discomfort), which is calculated as the sum of scores of the 6 items out of the possible total score.
The SF-36 total and its domains of physical function, bodily pain, and general health were most relevant for the PDI, with r=0.50-0.77 (Table 3) . Content and criterion validity were deemed adequate based on factor analyses, and correlations between 'bodily pain' in SF-36 and 'pain' in the PDI were strong (r=0.69-0.78 at the 3 time points). Reproducibility was 0.88 at 6 months, 0.89 at 12 months, and 0.91 at 24 months.
According to the PDI, patients with B-type injury had less discomfort than patients with C-type injury at all time points; the largest difference was at 12 months (28% vs. 41%, p=0.031, Fig.) . Responsiveness was shown as patients with C-type injury improved over time in walking capacity. Patients with C-type injury also showed an improvement toward low discomfort between 12 and 24 months. discussion Three (pain, walking, and sexual life) of the 5 items of the Majeed score were confirmed to be relevant in our study. A weighting system for the Majeed score has been proposed although whether this is appropriate remains controversial. 10 Besides, 3 (pain, walking, and cosmesis) of the 25 items in 6 subscales of the Iowa pelvic score were confirmed to be relevant in our study, if 'cosmesis' means 'operation scar'. However, operation scars generally address wider aspects of discomfort (including discomfort caused by subcutaneous scar tissue and related to the cicatrix) than cosmesis does. The Iowa pelvic score lacks the item 'sexual life', which was confirmed to be important in our study. The Iowa pelvic score uses weighting but without explaining the underlying basis for this. The 4-grade categorisation (excellent, good, fair, and poor) is arbitrarily assigned, and the result depends on the weighting method. The Hannover score and the Orlando score assess both clinical and radiographic findings and are relatively untested and thus difficult to compare with a patientassessed instrument. 1 In our study, the response rate was high at all 3 time points, indicating a good balance between the number of items and the time taken to complete the PDI, and the specificity of the PDI. In addition, the PDI was easy to calculate, ranging from 0% (no discomfort) to 100% (extremely severe discomfort). There was no need for weighting on any particular item, as items within the same factor were represented with one item each if their factor loading was high enough.
Based on the PDI, discomfort can be categorised into minimal (0-20%), moderate (21-40%), severe (41-60%), very severe (61-80%), and extremely severe or possibly exaggeration of symptoms (>80%).
conclusion
The PDI provides valid, specific, and relevant information to assess treatment outcome following internal fixation for pelvic ring injury.
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